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TECHNICAL BMFORMATION 
Name of invention 

Absolute time synchronization of nodes in a unidirectional fiber ring 

Inventor(s) 

Name : Thomas Kallstenius 
BACKGROUND 

Absolute time synchronization, or time-of-day synchronization, of 
nodes in a distributed network is important for many applications, 
e.g., scheduling of distributed tasks and to accurately log the 
occurrence of various events. 

In case of tiie radio access network (RAN), absolute time 
synchronization is necessary or desirable in many cases: 

Soft and softer handover diversity 

Soft and softer handover, and diversity in general, means that a 
mobile terminal (MT) transmits signals to, and receives signals 
fi'om, more than one node at a time, as shown in Figur6 L 
Depending on the architectural level of diversity, die 
synchronization requu-ements are different. In case of TX diversity, 
the time alignment error shall not exceed V4 Tc [i], which 
corresponds 65 ns. 
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Figure 1: Diversity in a distributed network with a central system 
clock (CSC) and two nodes connected to a unidirectional fiber ring. 

A-GPS positioning 

The Global Positioning System (GPS) is a satellite based positioning 
system, which offers one of the best radio navigation aid currently 
available. GPS can be combined with cellular applications, which is 
referred to as assisted GPS (A-GPS). In this case, -5 fis absolute 
time accuracy is desirable firom a technical standpoint [ii, iii]. 

Round Trip Time fRTD Based positioning 

RTT measurements can be used to increase the accuracy of cell ID 
based positioning. The RTT is the propagation time of the signal 
traveling from the MT to the base station (in our case the CSC) and 
back, as seen in Figure 2. The accuracy of this measurement should 
be better than ±TJ2 (± 130 ns) [iv]. Although this is a not an 
absolute timing requirement, the importance of the present invention 
for this requirement will be come apparent from text below. 




Figure 2:RTT positioning with a CSC and a node connected to a 
wUdirectioruil fiber ring 



Time of Arrival CTOA) positioning 

In TOA, the position calculation is based on the propagation delay of 
the radio signal fipom the transmitter (the node) to the MT. When 
there are at least three TOA measurements available firom different 
nodes, together with other information concemmg, e.g., geographic 
position of the nodes, the position of the MT can be carried out by 
applying a triangulation technique. The absolute time 
synchronization of the nodes must be done to a level of accuracy of 




the onier of a few nanoseconds as 10 nanoseconds uncertainty 
contributes to roughly 3 meters error in the position estimate [v]. 



Figure 3:T0A positioning with a CSC and two nodes connected to a 
unidirectional fiber ring 

Background 

In today's RAN, dedicated links are often used for each node. In 
such a case, frequency synchronization is obtained using clock- 
recovery method based on phase-locked loop or similar. Absolute 
time synchronization is also readily achieved by roundtrip delay 
measurements, using the fact that the uplink (UL) and the downlink 
(DL) are symmetrical In case the nodes are hooked onto a network 
with other traffic, switches/routers etc., GPS synchronization can be 
used to obtain synchronization in the nodes. This means that each 
radio base station has a GPS receiver connected to it, or at least in ' 
close vicinity. There are several drawbacks of this. Firstly, GPS 
receivers are expensive, which results in an increased cost of 
production. Secondly, GPS synchronization may be difficult for 
indoor systems since the GPS signal cannot penetrate v^ry thick 
walls and cannot be used in tunnels, subways and similar. Thirdly, 
sonae countries may not accept a solution based on GPS since this 
means that their mobile network can effectively be disabled in case 
of.intemational tension by other nations controlling the GPS system. 

A unidirectional ring is an interesting network topology for two 
reasons. To begin with, such rings support synchronous time 
division multiplexed (TDM) traffic without any additional switches, 
splitters, add-drop multiplexers etc. Synchronous traffic provides 
inherent frequency synchronization, a characteristic which is 
important for die RAN. In addition, unidirectional rings require a 
minimum of transceivers in the network nodes. Only one receiver 
and one transmitter are required in each node connected to the ring. 



CSC 
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PROBLEM 

A general problem with unidirectional rings is absolute time 
synchronization. The frequency synchronization can be achieved by 
means of standard clock-recovery method but it is not possible to 
absolute time synchronize individual nodes using roundtrip 
measurements, for example. 




Figure 4: Distributed nodes in a unidirectional ring configuration. 
The mobile terminal (MT) is communicating with a multiple of nodes 
for diversity and positioning services. The nodes are frequency and 
absolute time synchronized to the CSC Link 2 is located indoors, 
other links are outside, 

SOLUTION 

The present invention addresses absolute synchronization in a 
unidirectional ring topology based on fiber. The invention is based 
on Optical Time Domain Reflectometry (OTDR), in combination 
with round-trip delay corrections. 

During installation of the nodes. OTDR is used to determine the 
fiber link distance between the nodes. An OTDR uses a light 
backscattering technique to analyze fibers. In essence, it takes a 
snapshot of the fiber's optical characteristics by sending a high- 
powered pulse into one end of the fiber and measuring the light 
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scattered back toward the instrument. OTDR is often used during 
fiber installation to detect faults in the fibers, and use con?)lex 
computations to determine the size and distance to events 
encountered in the fiber run. OTDR can be used to determine the 
fiber length with accuracy less than Im, corresponding 5 ns 
resolution in the time domain. This is promising, considering the 
absolute time synchronization requirements of a few nanoseconds 
mentioned. 

The measured fiber delays are stored in tiie CSC, to be used for 
absolute time synchronization. A potential problem with the 
unidirectional ring, in this respect, is the influence of temperature on 
the fiber delay. For many otiier topologies, roundtrip delay 
measurements towards the nodes can be used to continuously 
measure and account for variations in die fiber delay. In a 
unidirectional ring, roundtrip measurements cannot generally by 
used to estimate the fiber delay towards a node since the UL and DL 
arc generally not symmetrical. Therefore, a metiiod for temperature 
compensation may be necessary in order not to jeopardize the 
absolute time accuracy of some nanoseconds. The present invention 
suggests to use a mefliod based on calculated correction factors for 
each node, using variations in the roundtrip delay measurement as a 
probe of die temperature variations. The method takes into account 
that some links are affected by temperature variations more than 
odiers. The former may be links outside and the latter links indoors, 
as depicted in Figure 4. 

The change in time-of-flight (TOF) witii temperature is caused by 
two effects: firstiy the temperature dependence of die group index 
and secondly die change in physical length witii temperature. A 
tfieoretical estimation of the TOF change at 13 10 nm. with a group 
index of 1.467, is 75 ps/^C/km [vi]. The change in length and group 
index each contribute approximately equally to this value. Consider 
a unidirectional ring of 50 km in circumference, If the entire 
absolute time synchronization budget of, say, 10 ns can be allocated 
for this purpose, a temperature variation of 3°C should be 
acceptable: 

10 ns = 75ps/*^akm-50km- AT => AT = 3°C 

The present invention relates to providing higher absolute time 
accuracy by means of a ten5)erature compensation method. Three 
embodiments arc described. In die first case, "Synchronization of 
nodes", all nodes in the ring are absolute time synchronized. In the 
second case, "Centralized delay compensation in the CSC**, the CSC 
keeps track of absolute time deviations of the nodes. This case is 
interesting since absolute time deviations are often acceptable as 
long as diey arc well known. No adjustments of the nodes is 
necessary in this case, which prevents time transients that may cause 
various types of problems at different levels of die protocol stack. 



Finally, the RTT positioning is described in a separate case in 
Section 1.6.3. 



Synchronization of nodes 

In this case, Ae CSC measures the roundtrip delay of the 
unidirectional ring and sends time estimates to each node, based on 
continuous roundtrip measurement and OTDR measurements during 
installation. 

Tnstallation and initial synchronization: 

During installation of the nodes, OTDR is used to determine the 
fiber delay for each link, ti, for the present temperature. At tiie same 
time, the roundtrip time is measured to obtain an average value: 



, where n is the number of nodes, ^«occss is the processing time in 
each node. 

Synchronization messages, M^, can now be sent from the CSC U 
each node x to obtain an absolute time synchronization: 



, where Mx is the message from the CSC to node x; t, is die local 
time in node x, as imposed by tiie CSC; tcsc is die local time in die 
CSC upon dispatch. 

Synchronization at later stage: 

At later stage, the absolute time synchronization needs to be 
updated. To begin with, the CSC measures the roundtrip time again: 



, where £i is a factor which takes tiie effect of temperature on the 
fiber delay ft refers to the fiber delays obuined by OTDR during 
installation). Now, let's separate the links into two rough categories: 
links subjected to and not subjected to substantial temperature 
variations. Let tiie former be labeled "affected*' and die latter 
"unaffected": 
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process 



4;= j^t, +(!+£) X', 

, where we have assumed that links affected by temperature 
variations are affected approximately by the same delay factor e. 
From Eqs. (1) and (4), e can be calculated as 



Accordingly, modified synchronization messages, M'„ can now be 
sent from the CSC to each node x to obtain an absolute time 
synchronization: 

=^csc +Cx +U-l)-^p„««,| 

where Qt is a correction term of the original synchronization 
message (see Eq. (4)), which can be expressed as: 
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Figure 5: Flow chart describing node synchronization 

1.6.2 Centralized delay compe nsation in the CSC 

As an alternative, the nodes can send in local time estimates to the 
CSC, which then calculates the offset between the absolute time in 
the node x and the CSC 

where tx is the local time in node x and §x is the time difference 
between node x and the CSC. 

Using similar arguments as in the previous section, it can be shown 
that 



(9) 



, where At, is the time difference between the local dme in the CSC 
upon receipt of the limestamp message m^Q from node x, as 
measured by the CSC: 



Dx is a correction term, which is slightly different fipom C,: 



(10) 



(11) 
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Figure 6: Flow chart delay compensation in the CSC 

Temperature compensation for RTT positioning 

The ring topology in itself does not impose any additional 
constraints in case of RTT positioning. Reason for this is that the UL 
and DL paths in air can be assumed to be symmetrical, and as long 
as other delay components in the delay chain do not change the 
overall roundtrip delay from the MT to the CSC and back, they do 
not need to be symmetrical This is illustrated in Figure 2. But they 
must be well known, with accuracy much better than ±TJ2, say 
In order to meet this requirement, temperature effects on the fiber 



delay must be taken care of. Consider a ring topology of 50 km ring 
in of SO km in circumference: 

T^4 = 65 ns = 75ps/^C7km-50km- AT => AT = ITC 

According to this, a temperature change of ITC may jeopardize the 
required accuracy. The tempemture effect can be compensated for if 
the CSC continuously measures the roundtrip delay in the ring. This 
is illustrated in Figure 7 below. The most recent roundtrip delay 
value in the fiber ring, as measured by CSC, is subtracted from the 
overall roundtrip time from the MT to the CSC and back. Such 
compensation can be performed in, e.g., the MS or in the CSC. The 
latter is shown in Figure ?• It should be noted OTDR is not 
necessary in this case. 
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Figure 7: Flow chart delay RTT positioning 



Merits of the invention 



The invention provides means for absolute time synchronization of 
nodes in a unidirectional fiber ring topology. This inq)ortant for a 
number of different applications and services, the RAN being one 
important example. The accuracy of the synchronization is 
acceptable for all presently known services in the UMTS 
environment Merits of the invention are illustrated in Figure 8. The 
figure shows experimentally obtained synchronization errors in a 
unidirectional ring due to temperature variations, with and without 
using the temperature compensation scheme of the present 
invention. As seen in this Figure, the temperature-induced error was 
often more than 10 ns for the second node if no condensation was 
applied. The use of the temperature compensation resulted in an 
error smaller than 1 ns in most cases, i.e., a factor better 10 roughly. 




1.8 Patentable feature/ claims 



A patent should first and foremost protect the idea of using roundtrip 
delay measurements as a probe of temperature differences along the 
unidirectional fiber ring. Secondly, we should try to protect diis in 



combination with OTDR and then the specific embodiments of the 
invention as described in Sections 1.6.1-1.6.3. The following claim- 
structure is an attempt to show Ais lo^cal structure: 

Claim 1: Roundtrip delay measurements in a unidirectional fiber 
ring for detection of temperature induced delay variations (see 
Section 1.6). 

Claim 2: Claim 1, wherein some parts of the fiber ring is subjected 
to considerable temperature differences whereas other parts are not 
(see Section 1.6). 

Claim 3: Claim 1 (and Claim 2), in combination with OTDR 
synchronization for absolute time synchronization (see Section 1.6). 

Claim 4: Claim 3, wherein each node in a unidirectional ring 
topology is absolute time synchronized relative to a CSC (see 
Section 1.6.1). 

Claim 5: Claim 3, wherein the CSC keeps track of the absolute time 
offsets between the each node and the CSC (see Section 1.6.2). 

Claim 6: Claim 1 (and Claim 2), wherein the most recent roundtrip 
delay is used to correct RTT positioning estimates for temperature 
induced delay variations (see Section 1.6.3). 
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